Within the "Cosmic Flows" project, I-band photometry of 524 relatively nearby galaxies has been carried out over the course of several years with the University of Hawaii 2.2m telescope and a camera with a 7.5 arcmin field of view. The primary scientific purpose was to provide global magnitudes and inclinations for galaxies for the purpose of measuring distances through the correlation between galaxy luminosities and rotation rates. The 1σ accuracy on a total magnitude is 0.08 mag. The observations typically extend to 7-8 exponential disk scalelengths so the data are useful for studies of the structural properties of galaxies.
INTRODUCTION
Within the "Cosmic Flows" project, the motivation for this optical photometry program is the measurement of extragalactic distances based on the correlation between the rotation rates of galaxies and their luminosities (Tully & Fisher 1977) . Other papers in this series discuss the compilation of rotation rate information (Courtois et al. , 2011 and the synthesis of data into the final product of distances. The global program involves many components which are being assembled for dissemination in EDD, the Extragalactic Distance Database, on the web at http://edd.ifa.hawaii.edu ).
The determination of a distance with the correlation between luminosities and linewidths requires knowledge of three observational parameters: measures of the rotation rate of a galaxy, the total luminosity of the system, and its inclination. The latter two parameters are determined through surface photometry. It must be asked if there are preferred passbands that optimize the correlation for the purpose of distance measurements. The best correlation is expected to arise in a wavelength interval that samples the peak of the black body emission from old stars since this population should be the best thermal representative and contributor to the potential well. This consideration favors wavelengths in the 1 − 2 µm range, where there is the added advantage of diminished obscuration compared with optical bands (Aaronson, Huchra & Mould 1979) .
Unfortunately, ground-based observations at wavelengths longer than 0.8 microns are hampered by severe and ⋆ E-mail: h.courtois@ipnl.in2p3.fr variable sky emission from OH auroral lines, and beyond 2 microns by thermal emission. As a consequence, imaging at these longer wavelengths is much more difficult, requiring constant monitoring of the sky and stacking of short exposures, and with a given integration one typically reaches one exponential scalelength less deep compared with what can be achieved at shorter wavelengths (Tully et al. 1996) . From experience, it is found that the tightest correlations between luminosity and linewidth are found at R and I bands, at wavelengths between 6000Å and 8000Å (Tully et al. 2008) . Scatter is slightly higher at the redward bands H and K ′ because of sky noise and higher at the shorter wavelength of B band because of active star formation and obscuration. The focus of the present discussion is on data collected in the sweet spot at Cousins I band (Bessell 1979) . We retain an ongoing interest in photometry at longer wavelengths (McDonald, Courteau & Tully 2009 ) and will discuss observations at K ′ band relevant to our program in another paper.
OBSERVATIONS
Our galaxy photometry program is a continuation of work discussed by Pierce & Tully (1988 , 1992 , Tully et al. (1996) , and Tully & Pierce (2000) . There is a discussion of the "Cosmic Flows" samples that are being collected by Courtois et al. (2011) . The new photometry pertains to the samples identified in that reference as 'calibrators' (galaxies in 13 clusters that define the slope of the rotation rate − luminosity correlation and galaxies with independently established distances that set the zero point of the cor- relation), 'SNIa' (galaxies that have hosted supernovae of type Ia), 'V3K'(galaxies within 3000 km s −1 brighter than MKs = −21), and 'PSCz' (galaxies within 6000 km s −1 selected by far infrared flux properties).
The material discussed here has been obtained since 2000, mostly since 2006, at the University of Hawaii 2.24m telescope using a Tek 2048 CCD. The instrument is mounted at the f/10 Cassegrain focus and provides a 7.5 arcmin diameter field with a pixel scale of 0.22 arcsec. Monitoring of the sky to assure photometric conditions has mostly relied on SkyProbe at the Canada-France-Hawaii Telescope 1 . Only data acquired in photometric conditions are accepted. Table 1 provides a brief summary of the observing runs. A total of 651 images were obtained during 18.8 photometric of 30 scheduled nights, with some repetition, producing useful data for a final list of 524 individual galaxies.
Most of the observations were made through a filter that approximated Cousins I with a standard integration of 300 sec. Instances of nuclear saturation (conservatively, counts in excess of 30,000) prompted the acquisition of complementary short exposures. For a small fraction of the galaxies, images were also obtained in Cousins R (300 sec integrations) and Johnson B (600 sec integrations). The observations were usually but not always guided. Image quality is erratic, mostly ranging from FWHM 0.7" to 1.5" with a median seeing of 1.2 (see Fig. 1 ), but this was not a great concern since our interest is in global photometry and the target galaxies have typical dimensions of 1-5 arcmin. Photometric calibrations in the Vega system were made with observations of Landolt (1992) standard fields on several occasions each night and over air masses ranging up to 2 and beyond. Flat fields were built from multiple twilight exposures of blank sky supplemented by dome flats. The properties of the mechanical shutter were studied in order to compensate for variations across the field caused by the finite time required to open and close (Zissell 2000) .The telescope is at a latitude of +20
• . Targets were observed as far north as +85
• and as far south as −40
• . We report on observations of 524 galaxies.
Flagging
Out of 651 observations, a total of 34 images were rejected. The main reason was that longer exposures were available for the same galaxies, 2 galaxies (PGC 70163 and PGC 63545) have only 2 images with 30 sec exposures, all the others have 100s or 300s exposures. A few images were excluded because of problems with flat-fielding or telescope tracking.
ASTROMETRIC CALIBRATION
Flat-fielded images were astrometrically calibrated using the Scamp software Version 1.4.6 (Bertin 2006) . Source extraction was first performed with the SExtractor software Version 2.4.4 (Bertin & Arnouts 1996 ) using a detection threshold equal to 1.8. As reference for the astrometry, Scamp was run using the USNO-B1 catalog (Monet et al. 2003) , which is complete down to V = 21 and has an astrometric accuracy of 0.2 arcsec. Since astrometry is not our main concern and the field of view of our observations is relatively small (thus there are only a small number of stars available to derive an astrometric solution), a low order polynomial (DISTORT DEGREES=1) was used in Scamp. Images where then resampled with the Swarp software Version 2.17.1 (Bertin et al. 2002) to apply the astrometric solution to the images. The pixel size was kept the same; i.e. 0.22 arcsec/pixel. Figure 2 shows the difference between the source position detected by SExtractor on the regridded images and the USNO-B1 catalogue for 18748 stars with an R-band magnitude brighter than 19 in the USNO catalog. A search radius of 1 arcsec was used. The mean difference is smaller than 0.01 arcsec in R.A and DEC. with a dispersion of 0.27 arcsec and 0.26 arcsec, respectively. All our 651 exposures were used for this comparison.
Since the Sloan Digital Sky Survey (hereafter SDSS) catalog is used for searching for stars in common with our images for photometric calibration purposes (see Sect. 4), it is important to check that the astrometry is reliable enough for that purpose. Fig. 3 shows the comparison of 4720 stars (as defined by SDSS) in common between our images and the SDSS seventh data release (DR7) catalog (Abazajian et al. 2009 ) within a search radius of 1 arcsec. Only unflagged stars (with a SExtractor FLAG parameter equal to 0) were selected. Out of 651 images, 301 have been observed by the SDSS. The small differences and offsets in the astrometry of the two surveys most probably come from the different methods adopted to determine the source positions and the astrometric solution, and the choice of different reference catalogues for the astrometric calibration of the SDSS which differ from the USNO-B1 we use in this work (see details at http://www.sdss.org/dr7/algorithms/astrometry.html for the SDSS). The astrometry is overall very good with a median between our observations and the SDSS DR7 equal to 0.01 and -0.20 arcsec along R.A. and DEC with a dispersion of 0.15 and 0.13 arcsec, respectively.
PHOTOMETRY
Initial reduction steps involved the construction of flat fields from summations of typically 5 twilight exposures. For the conversion from counts to flux in magnitudes it was expected at the time of the observations that this transformation would exclusively be based on aperture photometry of Landolt (1992) standards observed every night throughout a run. These observations were analyzed with flux corrections applied to account for shutter effects with short exposure times. The shutter effects are negligible for the normal exposures on galaxy targets but slightly impact the Landolt standard star exposures. In addition, for fields within the parts of the sky covered by the SDSS, counts were transformed to magnitude scales from calibrations provided by stars in each field with known SDSS psf-fit r, i magnitudes.
Photometric calibration based on the SDSS
Although Landolt standards were regularly observed to calibrate the photometry, ultimately it was determined that greater accuracy was afforded by the use of stars within fields with magnitudes determined by the SDSS. Indeed, the SDSS provides many well-calibrated stars that can be used for calibration purposes, although the accuracy is not quite as good as with the Landolt standard stars (typically better than 0.02 mag for stars brighter than 20 in the SDSS r filter, compared to one part in a thousand for Landolt standard stars).
About half of our observations (301 out of 651) are within the SDSS. In these cases an exposure can be calibrated differentially independent of monitoring of the photometric conditions through the night which is a major advantage. In practise, SExtractor was run on the astrometrically calibrated images and sources were matched to the SDSS star catalogue with a search radius of 1 arcsec to derive the photometric zeropoints. The magnitudes of the stars for the observations covered by the SDSS were first retrieved from the SDSS DR7 catalog as the P SF M AG estimate and colorcorrected to the Cousins photometric system at I band. Two sets of transformation equations were tested for that purpose. In the end, the transformation of Smith et al. (2002) was preferred over the ones of Jester et al. (2005) because it provides smaller dispersions on the zero points averaged over the same time intervals; i.e. over one night or a couple of nights as defined in Table 3 . Typically, the zero point for each of the 301 observations with SDSS data was derived from the mean of 12 stars with a 2-sigma rejection and has an accuracy of 3 percent. Fields without SDSS observations or with less than 5 SDSS stars were calibrated with the median of the zero points grouped per night or for several nights as given in Table 3 ; they have standard deviations between 0.01 and 0.03 mag. A mean value of 0.043 mag/airmass was used to account for atmospheric extinction in the fields without SDSS coverage.
We have compared the SDSS-based calibration with a calibration obtained with Landolt standard stars observed during our runs and we compared results with the separate calibrations to the external data set discussed in the next section. The SDSS and Landolt calibrations agree in zero point within the statistical uncertainties. In the comparisons with the external data set, aside from a zero point issue that will be discussed next, the SDSS-based calibration gives the tighter correlations. Hence, the SDSS-based calibration is preferred to the Landolt standard star calibration.
The UH 2.2m Photometric System
Although the observations with the University of Hawaii 2.2m telescope approximate the Cousins I system, Ic, in detail there is a systematic offset between the magnitudes of the galaxies derived from our observations and the Ic magnitudes found in the literature. Figure 4 illustrates the relative transmissions of the Cousins passband with a photoelectric detector and the filter plus Tektronics 2048 CCD detector used with this experiment. The UH 2.2m passband transmits radiation 50 nm to the red of the Ic cutoff and this results in a systematic difference between the total magnitudes of galaxies derived by the procedures described in Sect. 4.3 and Ic magnitudes given in the literature.
The largest homogenous compilation of photometry in the Ic passband presently available has been published by the Cornell group (Springob et al. 2007 ). There are 286 galaxies from this source in common with our sample. A systematic offset of 0.12 mag was found that is attributed to the extended red transmission of the UH 2.2m passband (Hawaii brighter). A comparison of final I uh magnitudes and Springob et al. (2007) measurements is shown in Fig. 5 . The Hawaii values are the weighted mean of the total magnitudes in the cases of multiple observations of the same galaxy and have been adjusted faintward by 0.13 mag. The slope of the correlation is unity within the errors over a 6 magnitude range, with a dispersion of 0.11 mag in < IUH − I Cornell >. If the Hawaii and Cornell errors are comparable then 1σ errors of 0.08 mag are implied for each source. A small number of mildly discrepant measurements are noted in Table 4 .
Archangel Photometry
The flattened and flux calibrated images were analyzed with the Archangel software package developed by Schombert (2007) 2 . The suite of programs performs such procedures as masking of stars and flaws, ellipse fitting at expanding radii from the galaxy center, and compression of two-dimensional information into one-dimensional growth curves of surface brightness as a function of radius and total luminosity as a function of radius. An example of output from the Archangel analysis is shown in Figure 6 .
Magnitudes and Inclinations
The two parameters we care about most for the determination of distances through the correlation between luminosities and rotation rates are total magnitudes and inclinations. Consider, first, issues that affect the measurement of luminosities. A significant source of uncertainty arises from the setting of the sky level, where a change of 1 count per pixel typically affects total fluxes by 2% (0.02 mag). Almost all our targets are modest in size compared with the CCD field so there is reasonable control of the sky level. If sky is set properly then the magnitude growth curve should go asymptotically flat at large radii. One is suspicious of a poor sky setting if surface brightness as a function of radius either flares or drops precipitously at the sky level, although the latter occurrence is not physically excluded (MacArthur, Courteau & Holtzman 2003) . It is never possible to directly detect 100% of the light of a galaxy. Measurement is made to an isophotal level dictated by the telescope, exposure time, and the brightness of the sky. The interest of this program is with spiral galaxies that characteristically decay exponentially in luminosity with radius. The luminosity, L, of a galaxy grow as
The radial dependence is described by the scalelength, α. Assuming the exponential decay in light can be extrapolated, the contribution lost below the sky level can be estimated and added to what is observed to give a 'total magnitude' (Tully et al. 1996) . Fortunately the extrapolation from an isophotal to a total magnitude is almost always small in our cases because our exposures typically capture 7-8 exponential scalelengths. Extrapolations are usually below 0.02 mag and uncertainties are less than half the extrapolation. For the small extrapolations that are required we use the procedure involving rational function fits to the magnitude growth curve at large radii provided within Archangel. The only situations where the extrapolations are significant are either with galaxies that extend beyond the CCD field or with extremely low surface brightness galaxies. The other product of importance to us provided by the photometry program is inclinations, i, derived from a measurement of ellipticities. By convention, a face-on galaxy has i = 0. The inclination is derived from the observed ratio of the minor and major axes, b/a, under the assumption that a galaxy is a prolate ellipsoid with a thickness b/a = q0. The inclination is then given by the formula
The question of the optimal value of q0 will not be debated here. The Hawaii Photometry catalog records only the observable < b/a >, determined as described below.
The orientation of a galaxy must be known to de-project velocities of the rotating disk, with corrections increasing toward face-on, and to account for the effects of obscuration, Figure 6 . Photometry of NGC 3223. Graphic output from the Archangel photometry program. Top: in black the run with radius of ellipticity measures, b/a = ratio of minor to major diameter, and in red the run with radius of the position angle of the major axis. The radii enclosing 20, 50, and 80 percent of the total light of the galaxy are indicated by the red, green, and blue vertical strips respectively. The portion of the left panel at small radii is seen more easily with the expanded scale of the right panel. Middle: I band CCD image of the target with stars and bad pixels masked and ellipse fits shown at radial increments. The red, green, and blue ellipses enclose 20, 50, and 80 percent of the total light. Bottom: the run of surface brightness with radius is shown on the left and the growth of enclosed magnitude with radius is shown on the right. Radii enclosing 20, 50, and 80 percent of the light are indicated in red, green, and blue respectively. The surface brightness and enclosed magnitude at each of these radii are identified. An I band image of the galaxy is shown in the inset. The green ellipse is drawn at the surface brightness level 27.0 mag./sq. arcsec.
which increase toward edge-on. Perhaps surprisingly, the latter is not a severe problem. Corrections for obscuration are substantial but predictable (Tully et al. 1998) . After applying standard recipes, the scatter in luminosity-linewidth plots is not significantly greater for the most edge-on galaxies (i ∼ 90
• ). The greater concern with the measurement of inclinations is with the rectification of velocities. The problem is minor for inclinations i > 60
• since the de-projection W i = W/sin i is small. However the de-projection adjustment explodes as i → 0
• . Inclination uncertainty dominates the scatter in luminosity-linewidth plots for galaxies with i < 45
• . If ultimately for the purpose of distance determinations we adopt the policy of excluding galaxies more face-on than 45
• then the problematic interval for inclination measurements is 45
• − 60
• . From experience, spiral galaxies separate roughly equally into three classes. In about a third of cases, ellipticities and major axis position angles are roughly constant across a wide range of radii and the inclinations of these galaxies can be considered reliable at the level of 2
• − 3
• . In another third of cases, uncertainties degrade to 3
• − 5
• . Unfortunately, in roughly the last third of cases, ellipticities and position angles vary by large amounts as a function of radius. The reasons for these oscillations might be a large bulge or a bar or prominent spiral structure or a warp. The ellipticity and position angle measurements can depend on the specifics of the ways these features are projected. Anomalies can occur on all scales. In difficult cases, inclinations can be wrong by 5
• to 10 • , and inclination errors can be the dominant source of luminosity-linewidth scatter.
From experience, it is found that a decent measure of ellipticity can be given by averaging over values obtained for fitted ellipses between the radii enclosing 50% and 80% of the total light of a galaxy. The distortions to ellipticity measurements from bulges and bars are frequently severe inside the radius containing 50% of the light. Beyond the radius enclosing 80% of the light the signal rapidly becomes too weak for a reliable measure of axial ratio and we freeze the ratio at the value of the outermost reliable measurement. Hence, our recorded estimate of the ratio of the minor to the major axis, < b/a >, is the average of all measures (b/a)i between the radius enclosing 50% of the light, ae, and the radius enclosing 80% of the light, a80. The uncertainty that is tabulated is the r.m.s. dispersion in the measures contributing to the average.
All results obtained through the automated process that has just been described have been scrutinized by eye and, in instances, results have been modified and a large error has been assigned. The estimation of inclinations from the assumption that galaxies are circular disks tilted from the lineof-sight is an uncertain business. In spite of these travails our measured inclinations pass a necessary test: there are no systematic deviations from the mean luminosity-linewidth correlation as a function of inclination.
SUMMARY
Summary data and graphic displays for all the galaxies that have been observed for the "Cosmic Flows" project (http://ifa.hawaii.edu/cosmicflows) are found in EDD in the catalog Hawaii Photometry. The parameters provided by Archangel from multiple observations of a single galaxy were combined as the weighted mean using the uncertainty on the total magnitude as weight. Table 5 provides an example of few lines of the final values from the photometry of the 524 galaxies. The full table is available digitally with this paper. The graphic material is accessed by selecting on the common name of a candidate and includes displays of star masks and ellipse fits, major axis position angle and ellipticity as functions of radius, surface brightness profiles, and magnitude-radius growth curves. The radial information used for the construction of the plots is provided in ascii tables that can be downloaded. The tabulated data on the database includes information about the observations (detector, date, filter, etc.) and the measured parameters given in Table 5 . By column in this table: 
